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Field of the Invention 
The present invention relates to safety systems and more particulariy to a safety 
system that stops translational motion of a cutting tool in power equipment. 

Background 

20 Power equipment such as miter saws and radial arm saws include circular blades 

that move down onto or across a workpiece to cut the workpiece. Pneumatic up-cut chop 
saws often have a blade that rises through a slot in a table to cut a board. The blades, 
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however, present a risk of injury to a user of the equipment as the blades move to make a 
cut. Accordingly, those saws often include blade guards that physically block an operator 
from making contact with the blade to minimize the risk of injury. In many cases, guards 
effectively reduce the risk of injury; however, there are many instances where the nature 
5 of the operations to be performed precludes using a guard that completely blocks access 
to hazardous machine parts. For example, a user of a radial arm saw draws the blade 
toward him as he cuts a workpiece. The user typically holds the workpiece with one hand 
% while operating the saw with his other hand. In such a situation, the saw blade is at least 
In partially exposed so that the blade can cut the workpiece. While the blade is at least 
::^0 partially exposed, the blade may accidentally contact the user's finger and the user may 
U continue pulling the blade into his finger before he can react. Similarly, in a pneumatic 
ik; up-cut chop saw, the user may position the material to be cut and accidentally place their 
hand in the path of the blade. When the saw is actuated the blade rises so quickly that the 
user does not have time to remove their hand. In some cases, a guard placed above the 
15 blade drops down prior to the cut, and the guard may trap the user's hand in the path of 
the blade. 

Brief Description of the Drawings 
Fig. 1 is a schematic block diagram of a machine with a fast-acting safety system. 
Fig. 2 is a schematic diagram of an exemplary safety system in the context of a 
20 machine having a circular blade. 

Fig. 3 is a side elevation of a radial arm saw equipped with a safety system. 
Fig. 4 is a side elevation of a miter saw equipped with a safety system. 
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Fig. 5 is a side elevation of a pneumatic cut-off saw equipped with a safety 
system. 

Fig. 6 is a side elevation of a pneumatic cut-off saw equipped with an altemative 
safety system. 

Fig. 7 is a side elevation of a pneumatic cut-off saw equipped with a second 
altemative safety system. 

Fig. 8 is a side elevation of a pneumatic cut-off saw equipped with a third 
altemative safety system. 

Fig. 9 is a magnified view of an exemplary locking assembly for use in the safety 
system of Fig. 8, 

Fig. 10 is an isometric view of a clamping device for use in the locking assembly 
of Fig. 9. 

Fig. 11 is a cross-sectional view showing an altemative clamping device. 

Fig. 12 is a cross-sectional view showing another altemative clamping device. 

Fig. 13 is a cross-sectional view showing another altemative clamping device. 

Fig. 14 is a side elevation of a pneumatic cut-off saw equipped with a fourth 
altemative safety system. 

Fig. 15 is a side elevation of a pneumatic cut-off saw equipped with a fifth 
altemative safety system 

Fig. 16 a front elevation of the pneumatic cut-off saw of Fig. 15 with a portion of 
the operative stmcture indicated in dash line. 



Detailed Description 

A machine according to the present invention is shown schematically in Fig. 1 and 
indicated generally at 10. Machine 10 may be any of a variety of different types and 
configurations of machine adapted for cutting workpieces, such as wood, plastic, etc. 
5 Machine 10 includes an operative structure 12 having a cutting tool 14 and a motor 
assembly 16 adapted to drive the cutting tool. Machine 10 also includes a safety system 
18 confiiiured to minimize the potential of a serious injuiy to a person using machine 10. 
% Safety system 18 is adapted to detect the occurrence of one or more dangerous, or 
in triggering, conditions during use of machine 10. If such a dangerous condition is 

(to detected, safety system 18 is adapted to engage operative structure 12 to limit any injury 

i-j-j 

to the user caused by the dangerous condition. 

Machine 1 0 also includes a suitable power source 20 to provide power to operative 
''^ structure 12 and safety system 18. Power source 20 may be an external power source 
such as line current, or an internal power source such as a battery. Alternatively, power 
15 source 20 may include a combination of both external and internal power sources. 
Furthermore, power source 20 may include two or more separate power sources, each 
adapted to power different portions of machine 10. 

It will be appreciated that operative structure 12 may take any one of many 
different forms, depending on the type of machine 10. For example, operative structure 
20 12 may include a stationary housing configured to support motor assembly 16 in driving 
engagement with cutting tool 14. Alternatively, operative structure 12 may include a 
movable structure configured to carry cutting tool 14 between multiple operating 
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positions. As a further alternative, operative structure 12 may include one or more 
transport mechanisms adapted to convey a workpiece toward and/or away from cutting 
tool 14. In the case of chop saws, operative structure 12 typically takes the form of an 
arbor block pivotally coupled to a base or frame. Cutting tool 14 is mounted on the arm 
and pivotal upward toward a workpiece supported by the base. 

Safety system 18 includes a detection subsystem 22, a reaction subsystem 24 and a 
control subsystem 26. Control subsystem 26 may be adapted to receive inputs from a 
variety of sources including detection subsystem 22, reaction subsystem 24, operative 
structure 12 and motor assembly 16. The control subsystem may also include one or 
more sensors adapted to monitor selected parameters of machine 10. In addition, control 
subsystem 26 typically includes one or more instruments operable by a user to control the 
machine, The control subsystem is configured to control machine 10 in response to the 
inputs it receives. 

Detection subsystem 22 is configured to detect one or more dangerous, or 
triggering, conditions during use of machine 10. For example, the detection subsystem 
may be configured to detect that a portion of the user's body is dangerously close to, or in 
contact with, a portion of cutting tool 14. As another example, the detection subsystem 
may be configured to detect the rapid movement of a workpiece due to kickback by the 
cutting tool, as is described in U.S. Provisional Patent Application Serial No. 60/182,866, 
filed February 16, 2000, the disclosure of which is herein incorporated by reference. In 
some embodiments, detection subsystem 22 may inform control subsystem 26 of the 



dangerous condition, which then activates reaction subsystem 24. In other embodiments, 

the detection subsystem may be adapted to activate the reaction subsystem directly. 

Once activated in response to a dangerous condition, reaction subsystem 24 is 

configured to engage operative structure 12 quickly to prevent serious injury to the user. 
5 It will be appreciated that the particular action to be taken by reaction subsystem 24 will 

vary depending on the type of machine 10 and/or the dangerous condition that is 

detected. For example, reaction subsystem 24 may be configured to do one or more of 
S the following: stop the movement of cutting tool 14, disconnect motor assembly 16 from 
I n power source 20, place a barrier between the cutting tool and the user, retract tiie cutting 
)tO tool from its operating position, etc. The reaction subsystem may be configured to take a 
%.. combination of steps to protect the user from serious injxuy. Placement of a barrier 

between the cutting tool and teeth is described in more detail in U.S. Provisional Patent 
P Application Serial No. 60/225,206, filed August 14, 2000, tiie disclosure of which is 

herein incorporated by reference. Retraction of the cutting tool from its operating 
15 position is described in more detail in U.S. Provisional Patent Application Serial 

No. 60/225,089, filed August 14, 2000, the disclosure of which is herein incorporated by 

reference. 

The configuration of reaction subsystem 24 typically will vary depending on 
which action(s) are taken. In the exemplary embodiment depicted in Fig. 1, reaction 
20 subsystem 24 is configured to stop the movement of cutting tool 14 and includes a brake 
mechanism 28, a biasing mechanism 30, a restraining mechanism 32, and a release 
mechanism 34. Brake mechanism 28 is adapted to engage operative structure 12 under 
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the urging of biasing mechanism 30. During normal operation of machine 10, restraining 
mechanism 32 holds the brake mechanism out of engagement with the operative 
structure. However, upon receipt of an activation signal by reaction subsystem 24, the 
brake mechanism is released from the restraining mechanism by release mechanism 34, 
5 whereupon, the brake mechanism quickly engages at least a portion of the operative 
structure to bring the cutting tool to a stop. 

It will be appreciated by those of skill in the art that the exemplary embodiment 
3 depicted in Fig. 1 and described above may be implemented in a variety of ways 
«0 depending on the type and configuration of operative structure 12. Turning attention to 
i|o Fig. 2, one example of the many possible implementations of safety system 18 is shown. 
□ System 18 is configured to engage an operative structure having a cutting tool in the form 
■ * of a circular blade 40 mounted on a rotating shaft or arbor 42. Blade 40 includes a 
plurality of cutting teeth (not shown) disposed around the outer edge of the blade. As 
described in more detail below, brake mechanism 28 is adapted to engage the teeth of 
15 blade 40 and stop rotation of the blade. 

In the exemplary implementation, detection subsystem 22 is adapted to detect the 
dangerous condition of the user coming into contact with blade 40. The detection 
subsystem includes a sensor assembly, such as contsict detection plates 44 and 46, 
capacitively coupled to blade 40 to detect any contact between the user's body and the 
20 blade. Typically, the blade, or some larger portion of cutting tool 14, is electrically 
isolated from the remainder of machine 10. Alternatively, detection subsystem 22 may 
include a different sensor assembly configured to detect contact in other ways, such as 
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optically, resistively, etc. In any event, the detection subsystem is adapted to transmit a 
signal to control subsystem 26 when contact between the user and the blade is detected. 
Various exemplary embodiments and implementations of detection subsystem 22 are 
described in more detail in U.S. Provisional Patent Application Serial No. 60/225,200, 
5 filed Aujgust 14, 2000, U.S. Provisional Patent Application Serial No. 60/225,211, filed 
August 14, 2000, and U.S. Provisional Patent Application Serial No. 60/270,011, filed 
Februar>' 20, 200 1 , the disclosures of which are herein incorporated by reference. 
S Control subsystem 26 includes one or more instruments 48 that are operable by a 

user to control the motion of blade 40. Instruments 48 may include start/stop switches, 
;;|o speed controls, direction controls, etc. Control subsystem 26 also incUides a logic 
□ controller 50 connected to receive the user's inputs via instruments 48. Logic controller 
ir^ 50 is also connected to receive a contact detection signal from detection subsystem 22. 
Further, the logic controller may be configured to receive inputs from other sources (not 
shown) such as blade motion sensors, workpiece sensors, etc. In any event, the logic 
15 controller is configured to control operative structure 12 in response to the user's inputs 
through instruments 48. However, upon receipt of a contact detection signal from 
detection subsystem 22, the logic controller overrides the control inputs from the user and 
activates reaction subsystem 24 to stop the motion of tiie blade. Various exemplary 
embodiments and implementations of conti-ol subsystem 26 are described in more detail 
20 in U.S. Provisional Patent Application Serial No. 60/225,059, filed August 14, 2000 and 
U.S. Provisional Patent Application Serial No. 60/225,094, filed August 14, 2000, tiie 
disclosures of which are herein incorporated by reference. 
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In the exemplary implementation shown in Fig. 2, brake mechanism 28 includes a 
pawl 60 mounted adjacent the edge of blade 40 and selectively moveable to engage and 
grip the teeth of the blade. Pawl 60 may be constructed of any suitable material adapted 
to engage and stop the blade. As one example, the pawl may be constructed of a 
relatively high strength thermoplastic material such as polycarbonate, ultrahigh molecular 
weight polyethylene (UHMW), Acrylonitrile Butadiene Styrene (ABS), etc., or a metal 
such as aluminum, etc. It will be appreciated that the construction of pawl 60 will vary 
depending on the configuration of blade 40. In any event, the pawl is urged into the 
blade by a biasing mechanism such as a spring 66. In the illustrative embodiment shown 
in Fig. 2, pawl 60 is pivoted into the teeth of blade 40. It should be understood that 
sliding or rotary movement of pawl 60 may also be used. The spring is adapted to urge 
pawl 60 into the teeth of the blade with sufficient force to grip the blade and quickly 
bring it to a stop. 

The pawl is held away from the edge of the blade by a restraining mechanism such 
as a fusible member 70. The fusible member is constructed of a suitable material adapted 
to restrain the pawl against the bias of spring 66, and also adapted to melt under a 
determined electrical current density. Examples of suitable materials for fusible member 
70 include NiChrome wire, stainless steel wire, etc. The fusible member is connected 
between the pawl and a contact mount 72. Preferably, fiisible member 70 holds the pawl 
relatively close to the edge of the blade to reduce the distance pawl 60 must travel to 
engage blade 40. Positioning the pawl relatively close to the edge of the blade reduces 
the time required for the pawl to engage and stop the blade. Typically, the pawl is held 
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approximately 1/32-inch to 1/4-inch from the edge of the blade by fusible member 70; 
however other pawl-to-blade spacings may also be used within the scope of the invention. 

Pawl 60 is released from its unactuated, or cocked, position to engage blade 40 by 
a release mechanism in the form of a firing subsystem 76. The firing subsystem is 
5 coupled to contact mount 72, and is configured to melt fusible member 70 by passing a 
surge of electrical current through the fusible member. Firing subsystem 76 is coupled to 
logic controller 50 and activated by a signal from the logic controller. When the logic 
1 controller receives a contact detection signal from detection subsystem 22, the logic 
Jjl controller sends an activation signal to firing subsystem 76, which melts fusible member 
Ho 70, thereby releasing the pawl to stop the blade. Various exemplary embodiments and 
implementations of reaction subsystem 24 are described in more detail in U.S. 
'1 Provisional Patent AppUcation Serial No. 60/225,056, filed August 14, 2000, U.S. 
Provisional Patent Application Serial No. 60/225,169, filed August 14, 2000, and U.S. 
Provisional Patent Application Serial No. 60/225,170, filed August 14, 2000, the 
15 disclosures of which are herein incorporated by reference. 

It will be appreciated that activation of the brake mechanism may require the 
replacement of one or more portions of safety system 18. For example, pawl 60 and 
fusible member 70 typically are single-use components which must be replaced before 
the safety system is ready to be used again. Thus, it may be desirable to incorporate one 
20 or more portions of safety system 18 in a cartridge that can be easily replaced. For 
example, in the exemplary implementation depicted in Fig. 2, safety system 18 includes a 
replaceable cartridge 80 having a housing 82. Pawl 60, spring 66, fusible member 70 and 
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contact mount 72 are all mounted within housing 82. Alternatively, other portions of 
safety sj^stem 18 may be mounted within the housing. In any event, after the reaction 
subsystem has been activated, the safety system can be reset by replacing cartridge 80. 
The portions of safety system 18 not mounted within the cartridge may be replaced 
separately or reused as appropriate. Various exemplary embodiments and 
implementations of a safety system using a replaceable cartridge are described in more 
detail in U.S. Provisional Patent Application Serial No. 60/225,201, filed 
August 14, 2000 and U.S. Provisional Patent Application Serial No. 60/225,212, filed 
August 14, 2000, the disclosures of which are herein incorporated by reference. 

In the case of miter saws, chop saws, radial arm saws, and other power equipment 
in which a cutting tool moves toward and into a workpiece to cut the workpiece, reaction 
subsystem 24 may include a system to stop the cutting tool from continuing to move into 
the workpiece. Stopping the translational motion of the cutting tool can minimize any 
injury from accidental contact between a user and the cutting tool. 

Fig. 3 illustiates an exemplary implementation of a system to stop tiie ti-anslational 
motion of a cutting tool in the context of a radial arm saw 1100. Typically, radial arm 
saw 1100 includes a horizontal base 1102, a vertical support column 1104 extending 
upward from base 1102, and a guide arm 1106 that extends from column 1104 vertically 
spaced above base 1102. A carriage 1108 is slidably coupled to the underside of guide 
arm 1 106. The bottom end of carriage 1 108 is connected to a saw housing 1 1 10 and to a 
motor assembly 1112, allowing a blade 1114 to be pulled across the base to cut 
workpieces (not shown) supported on the base. Radial arm saw 1100 is preferably 
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equipped with a system as described above to stop the spinning of the blade, which 
includes a brake pawl 60 in a cartridge 80. 

In use, a user grasps a handle 1 1 16 on the saw and pulls the saw and blade across a 
workpiece on base 1102. In so doing, a user may accidentally pull the saw into contact 
5 with a misplaced finger or some other part of his body. Upon contact, brake pawl 60 
works to stop the blade from spinning, but since the user may be puUing the saw toward 
his or her body when contact is detected, the saw may continue to move toward the user 
even after pawl 60 has stopped the blade. This continued movement may cause the 
■rj stopped blade to be driven over a portion of the user's body (e.g., the user's hand), 
i4o causing further injury. A system to stop the movement of the carriage and saw along the 
■ guide arm once contact is detected between the blade and the user's body addresses this 
i-i issue. 

G It will be appreciated that there are a wide variety of ways to stop the sUding 

movement of carriage 1108 along arm 1106. Fig. 3 illustrates two examples. One 

15 example includes a pivoting wedge assembly 1118. Assembly 1118 includes a wedge or 
pawl 1120 pivotally coupled to carriage 1108. An actuator 1122 mounted on carriage 
1 108 is operatively coupled to the control and detection subsystems associated with brake 
pawl 60 and cartridge 80 so that when pawl 60 is released, actuator 1122 engages wedge 
1120. During normal operation, actuator 1122 maintains the wedge spaced-apart fi-om 

20 guide airm 1106. However, once contact between the blade and the user's body is 
detected, the detection system sends an actuation signal to actuator 1 122. The signal sent 
to actuator 1122 may be the same signal that triggers the release of brake pawl 60, or it 
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may be a different signal. In any event, upon receipt of the actuation signal, the actuator 
drives against wedge 1120, causing it to pivot into the guide arm, preventing further 
movement of the guide bracket forward along the guide arm. The wedge may be 
constructed or coated with a high friction material such as rubber, and/or may be 
5 configured with teeth, etc., to increase its braking action. 

The other exemplary braking configuration illustrated in Fig. 3 includes a lockable 
spool assembly 1 124. Assembly 1 124 may be used in place of, or in addition to, wedge 
assembly 1 1 1 8. In any event, the lockable spool assembly includes a spring-loaded spool 
ill 1 126 mounted on support column 1 104. One end of a tether or cable 1 128 is attached to 
■;■ jo carriage 1 108, while the other end is wound around spool 1 126. As the user pulls the saw 
across the base, the spool unwinds, allowing the tether to extend. The spring-loading of 
- the spool ensures that the spool maintains a shght tension on the tether and retracts the 
tether around the spool when the user pushes the saw back toward the support column. 
Assembly 1124 also includes a spool brake, such as pawl 1130, operatively coupled to 
15 the control and detection systems associated with brake pawl 60. Thus, when contact 
between the blade and the user's body is detected, an actuation signal is sent to the spool 
brake, causing the spool to lock. Once the spool locks, the tether prevents further 
movement of the saw away from support column 1104. In an alternative implementation 
of spool assembly 1 124 not shown in Fig. 3, the lockable spool may be contained in, or 
20 placed adjacent to, cartridge 80, in which case the tether would run from the spool 
backward to support column 11 04. 
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It will be appreciated that there are many alternative methods, devices, and 
configurations for stopping the travel of the guide bracket and the saw along the guide 
arm. Any one or more of these alternatives may be used in place of, or in addition to, the 
braking configurations illustrated in Fig. 3 and described above. 
5 Fig. 4 illustrates an exemplary implementation of a system to stop the translational 

motion of a cutting tool in the context of a miter saw 1150. It will be understood that 
miter saw 1150 may be any type of miter saw including a simple miter saw, compound 
1 miter saw, sliding compound miter saw, etc. Typically, miter saw 1 1 50 includes a base or 
ili stand 1152 adapted to hold the workpiece to be cut. A swing arm 1154 is pivotally 
rio coupled to base 1152 to allow the arm to pivot downward toward the base. Attached to 
% arm 11 54 is a housing 1 156 adapted to at least partially enclose a circular blade 1 158. A 
motor assembly 1112 is coupled to the housing, and inchides a rotating arbor 1160 on 
which the blade is mounted. Motor assembly 1 1 12 includes a handle 1 162 with a trigger 
(not shown) operable to run the saw. An optional blade guard (not shown) may extend 
15 from the bottom of housing 1156 to cover any portion of the blade exposed from the 
housing. A person uses miter saw 1 150 by lifting the saw up, placing a workpiece on base 
1 152, and then bringing the saw down onto the workpiece to cut the workpiece. 

Miter saw 1150 also preferably includes a brake pawl 60 in a cartridge 80 
configured to stop the spinning of the blade, as described above. A saw blade spinning at 
20 several thousand revolutions per minute has substantial angular momentum. Thus, when 
the brake pawl engages and stops the blade, the angular momentum must be transferred 
to the brake. Because the swing arm of the miter saw is free to pivot in the direction of 
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blade rotation, the angular momentum of the blade may be transferred to the swing arm 
when the blade is suddenly stopped, causing the swing arm to swing downward. This 
sudden and forceful downward movement of the swing airm may cause injury to the user 
if a portion of the user's body is beneath the blade. 
5 There are many suitable means and mechanism for preventing the sudden 

downward movement of the swing arm. For example, the pivotal connection between the 
swing arm and the base of the miter saw may be electrically lockable, for example using 
J an electromagnetic leaf brake, to prevent the arm from pivoting. The signal to lock the 
connection may be provided by the detection subsystem. While there are many other 
: 40 ways of connecting the swing arm to the base to prevent sudden movement of the arm 
h toward the base, most such arrangements transfer the angular momentum to the swing 
arm^ase assembly. Depending on the weight and balance of the saw, the angular 
momentum may be sufficient to cause the entire saw to overturn. Therefore, it may be 
desirable to secure the base to a stable surface with clamps, bolts, etc. 
15 Fig. 4 shows one way to prevent the sudden dovmward movement of swing arm 

1154. Swing arm 1154 includes a cam portion 1170 having a cam surface 1172. Cam 
portion 1170 may be integral with the swing arm and housing 1156. A stopping pawl 
1174 is mounted to vertical support 1104 adjacent cam surface 1172, and an actuator 
1176 is positioned adjacent pawl 1174. The actuator 1176 is operatively coupled to the 
20 control land detection subsystems associated with brake pawl 60 and cartridge 80 so that 
when pawl 60 is released, actuator 1176 engages pawl 1174. During normal operation, 
actuator 1176 maintains the pawl spaced-apart from cam surface 1172. However, once 
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contact between the blade and the user's body is detected, the detection system sends an 
actuation signal to actuator 1176, which may be the same or a different signal that 
triggers ithe release of brake pawl 60. In any event, upon receipt of the actuation signal, 
the actuator drives against pawl 1174, causing it to pivot into cam surface 1172, 

5 preventing further movement of the swing arm. Pawl 1 174 may be constructed or coated 
with a high friction material such as rubber, and/or may be configured with teeth, etc., to 
increase its braking action. Cam portion 1 170 may be modified so that it extends as far as 

i possible from the point around which it pivots, in order to provide as great a moment arm 

i as possible to help stop the downward motion of the swing arm. 

lo The miter saw in Fig. 4 also includes a piston/cylinder 1180 connected between 

=1 swing aim 1154 and base 1152. That piston/cylinder limits the speed with which the 
swing arm can pivot relative to the base, and can also sen^e to stop or limit the downward 
motion of the blade when accidental contact with the blade is detected. 

There are many alternative methods, devices, and configurations for stopping the 

15 swing am from moving down. Any one or more of these alternatives may be used in 
place of, or in addition to, the pawl and cam configuration illustrated in Fig. 4 and 
described above. What is important is to provide a mechanical stop to halt the downward 
motion of the swing arm when the blade contacts a user. 

Fig. 5 illustrates an alternative translation stop mechanism implemented in the 

20 context of a pneumatic up-cut chop saw 1181. Chop saw 1181 includes a blade 40 
mounted to a pivotal arbor block 1182. The blade and/or some associated portion of the 
saw, are electrically isolated and coupled to a detection system such as described above 
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and in the incorporated references. This arrangement allows detection of contact of the 

blade with a user as described in those cases. 

The arbor block is pivoted to the upward position shown in the dashed lines by an 

actuating mechanism 1 183. In the depicted embodiment, actuating mechanism 11 83 takes 
5 the form of a pneumatic cylinder. Alternatively, actuating mechanism 1 1 83 may take any 

other form configured to raise and lower the blade including a hydraulic cylinder, 

mechanically-driven shaft, etc. Exemplary cyhnder 1183 may be actuated by the user, 
% such as by stepping on a foot switch, or may be operated by an electronic controller. In 
Xn either case, a solenoid valve (not shown) is normally provided to control the delivery of 
'io air to the cylinder. A blade guard or guard structure 1 184 is provided to cover the blade 
U as it emerges through the top of the table. In many cases the blade guard moves down 

upon adtuation of the saw to serve as a hold down on the material being cut. A defined 
55 portion 1185 of the blade guard, such as a metal strip along the bottom of the blade 

guard, cian therefore be electrically isolated and used as an electrode to also detect contact 
15 with a user as described above. Because the blade guard is not spinning, it may be 

desirable to use a conductive or other type of couphng rather than capacitive coupling to 

detect contact. It will be appreciated that any suitable coupling system can be utilized. In 

any case, the detection system then monitors for contact between the bottom of the blade 

guard and a user. 

20 Although not essential, it is preferable that the control subsystem only treat a 

detected contact as a dangerous condition and trigger the reaction subsystem during 
actual actuation of the saw. Otherwise, inadvertent contact when the user is positioning 
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stock to be cut may result in false triggers where no danger was present. However, if the 
bottom of the guard is touching the user at any time during the actuation cycle of the saw, 
the reaction subsystem should be triggered. 

Because the user's hand may be covered by a glove or may be positioned under 
the board, in most cases it is not sufficient just to use the blade guard for contact 
detection. Therefore, it usually is desirable to couple the detection subsystem to both the 
blade guard and the blade. In such case, a user would be protected under all 
circumstances since the reaction subsystem would be triggered when the blade cut 
through the glove and/or board and contacted the user's hand. 

As an alternative or in addition to monitoring for contact with the blade guard, a 
defined region or portion of the table of the saw around the blade opening can be isolated 
and monitored for user contact, just as with the blade guard. For instance a metal strip 
2-cm wide with a slot for the blade to pass through can be installed in an insulating 
material into the portion of the table through which the blade projects. This strip can then 
serve as a contact detection electrode. Therefore, if a user's hand contacts the electrode 
on the taible, i.e., is on the table within 1-cm of the blade, when the saw is actuated, the 
reaction subsystem can be triggered. Similar systems can of course be used on many 
other types of woodworking machinery, such as on the infeed section of a planer, to 
detect dangerous conditions. 

Saw 1181 includes a reaction subsystem 24 configured to interrupt the upward 
motion of the saw if contact with a user is detected at the guard/table or by the blade. 
Reaction subsystem 24 includes a first link 1186a extending between arbor block 1182 
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and an end of a lever link 1186b. The lever link pivots about a pivot point 1187 and is 
connected at the opposite end to a second link 1 186c. The pivot point is positioned so that 
the second link travels substantially farther than the first link during actuation of the saw. 
A spring 1 1 88 is connected to the free end of the second link to tension the entire linkage 
5 mechanism against upward motion of the saw. This tension, although not essential, is 
beneficial to insure that any slop in the linkage is already taken up when the brake is 
actuated, as described below, to thereby minimize upward travel after actuation. 

Ttie reaction subsystem also includes a brake mechanism 28 in the form of a pawl 

'J i 

^0 1189. The pawl is moxmted on a pivot 1190 and biased toward the second link by a 
fib biasing mechanism 30 in the form of a stack 1191 of Belleville springs. The springs are 
il'i preferably positioned to push the pawl against the pivot in a direction to minimize any 
; ' slop or play in uptake when the face of the pawl contacts the second link. Again, this 
7^1 reduces the upward movement of the blade after triggering of the brake. A restraining 
mechanism in the form of an electromagnet 1192 is magnetically connected to the upper 
15 side of the pawl to hold the pawl against the biasing mechanism. Typically, the pawl is 
constructed from a hard, magnetic metal and is provided with serrations on the front 
surface to grip or bite into the link when engaged. The pawl can also be provided with a 
magnetic plate attached to the top to engage the electromagnet. A slide surface 1193 is 
provided opposite the pawl to guide the second link and provide a support for the second 
20 link when the pawl pushes against the linkage. A retainer 1194 holds the second link 
against the slide surface so no play is present when the pawl is actuated and to insure that 
the link does not accidentally contact the pawl prior to release. The face of the pawl is 
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preferably positioned so that it rides very close - preferably between 0.1mm and 2mm - 
to minimize the time required for engagement with the link. 

Under normal conditions, a current is driven through the electromagnet to hold the 
pawl. Upon actuation of the reaction subsystem, the electical current is interrupted, and 
preferably a current of the opposite polarity is appHed for a short period of time, to 
quickly release the pawl to be pushed over into contact with the second linkage by the 
spring. The pawl then immediately binds against the second linkage to prevent further 
upward motion of the blade. Simultaneously, the pneumatic cylinder is reversed to begin 
retraction of the blade. Brake mechanism 28 can stop upward motion of the blade in 1-5 
milliseconds and restrain the pneumatic cylinder until the solenoid valve can be reversed 
to retract the blade. Preferably, the retraction begins in substantially less than 100 
milliseconds so that the user does not have time to react and jerk their hand across the 
still spinning blade, thereby causing more serious injury. 

After the brake pawl is released, a shoulder 1195 located on the second link is 
positioned to reset the pawl against the electromagnet when the blade is fully lowered. 
When the blade is lowered, the shoulder pushes against the underside of the pawl to lift 
the pawl back into contact with the electromagnet. This resets the system so that it is 
ready for repeated use. It should be understood that the electromagnetic release can be 
used interchangeably with the fusible member release previously described. The fusible 
member is generally cheaper to implement, but has the disadvantage of being suitable for 
only a single use. 
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An alternative reaction subsystem configuration to stop translational movement 
similar to the system of Fig. 5 is shown in Fig. 6. The system of Fig, 6 includes only a 
single \mk 1186 connected to an extension arm 1 1 95 connected to arbor block 1 1 82. The 
extension arm provides some mechanical advantage, similar to the lever link of Fig. 5. 
When the reaction subsystem is actuated, pawl 1189 grips link 1186 as previously 
described to stop upward movement of the blade. As before, spring 1188 maintains a 
tension on the link to take up any play that may be present or develop in the mechanism. 
It should be understood that the system of Figs, 5 and 6 could be used together to create 
additional mechanical advantage in the translation stopping mechanism. 

Fig, 7 illustrates another reaction subsystem similar to those of Figs. 5 and 6. In 
the reaction subsystem of Fig. 7, the brake is mounted on a carriage 1196, which slides 
along link 1 186 on bushing 1 197. The carriage is mounted to a brace 1 198 that is coupled 
to arbor block 1 182 to pivot therewith. As the arbor block pivots upwardly, the carriage is 
driven along the link. When contact is detected, the pawl is released to catch against the 
surface of the link and stop the upward travel of the blade. As described above, springs 
1 188 and 1 191 are positioned to eliminate any play in the translation stop mechanism. 

Fig. 8 illustrates a further altemative configuration of reaction subsystem 24 
adapted for use on a pneumatic up-cut chop saw 1181 to stop the upward movement of 
blade 40 and then retract the blade. As can be seen, the blade is mounted on an arbor or 
spindle 1200 supported within a spindle housing 1202 by one or more bearings (not 
shown). The spindle housing is electrically isolated from arbor block 1 182, extension arm 
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1 199 and the remainder of chop saw 1 181 by spacer blocks 1204. The spacer blocks may 
be constniLCted of phenolic or some other electrically-insulating material. 

With spindle housing 1202 electrically isolated from the remainder of saw 1181, 
the detection subsystem (not shown) may be coupled directly to the spindle housing. The 
relative close spacing between spindle 1200 and the spindle housing creates a capacitive 
coupling between the spindle housing and the spindle. Additionally, the spindle and 
spindle housing may also be conductively coupled through the bearings. In any event, 
blade 40 is coupled to the spindle housing and the detection subsystem through the 
spindle. 

Reaction subsystem 24 includes a brake mechanism 28 and a retraction 
mechanism 1206. Brake mechanism 28 includes a brace member 1208 pivotally coupled 
to the end of extension arm 1199. A locking assembly 1210 is pivotally coupled to a 
portion of the chop saw frame. Locking assembly 1210 is configured to receive and slide 
along brace member 1208 as the brace member moves up and down with arbor block 
1182 and extension arm 1199. Upon receipt of an activation signal, locking assembly 
1210 is configured to quickly clamp onto the brace member and prevent fiirther upward 
movement of the brace member. As a result, upward movement of the blade is also 
stopped. 

Simultaneous with the activation of brake mechanism 28, retraction mechanism 
1206 is configured to retract the blade to its lowermost position below the table top. 
Preferably, locking assembly 1210 is configured to prevent only upward movement of 
brace member 1208 so that retraction mechanism 1206 is able to move the blade 
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downward after the brake mechanism has been activated. Altematively, the locking 
assembly may be configured to release the brace member once the retraction mechanism 
begins urging the arbor block downward. In the exemplary embodiment depicted in 
Fig. 8, retraction mechanism 1206 includes a pair of pneumatic solenoid valves 1212 
5 adapted to reverse the direction of pneumatic cylinder 1183 in response to the activation 
signal. Altematively, retraction mechanism 1206 may include any other suitable 
P mechanism adapted to urge blade 40 downward. 

a It will be appreciated that locking assembly 1210 may be configured in any of a 

variety of different ways to quickly clamp onto brace member 1208 and stop upward 

If movement of the blade. In the exemplary embodiment depicted in Fig. 9, the locking 
assembly includes a clamping device 1214 adapted to slide along and selectively bind 

r : against brace member 1208. As shown in Fig. 10, clamping device 1214 includes an 
orifice 1216 adapted to receive and slide along brace member 1208 when the orifice is 
substantially axially aligned with the brace member. However, when clamping device 

15 1214 is pivoted relative to the brace member (as indicated by dash lines in Fig. 9), the 
edges of orifice 1216 bind against and lock-up on the sides of the brace member. 

Brace member 1208 and clamping device 1214 may be constructed fi-om any of a 
variety of different materials having either the same or different hardnesses. For example, 
the clamping device may be formed from hardened steel while the brace member is 

20 formed from unhardened steel, or vice versa. Alternatively, both the clamping device and 
brace member may be formed of unhardened steel or hardened steel. Furthermore, the 
brace member and/or the clamping device may include structure (e.g., serrations, etc.) 

24 



adapted to enhance the friction or gripping action of the clamping device on the brace 
member. Additionally, one or both of brace member 1208 and clamping device 1214 may 
be formed of different materials. In the exemplary embodiment, brace member 1208 is 
formed of unhardened 01 steel drill rod with a smooth surface, while clamping device 

5 1214 is formed of oil hardened steel. Forming the clamping device from a harder material 
than the brace member allows the clamping device to slightly deform or 'bite into' the 

c : brace member during braking. 

& Orifice 1216 typically is sized to fit relatively closely about brace member 1208. 

In the exemplary embodiment for example, the brace member has a diameter of 

W approximately 0.500-inch, while the orifice has a diameter in the range of approximately 
0.500-inch to approximately 0.503-inch. Alternatively, the orifice may be any size or 
shape adapted to bind against the brace member. The sides of orifice 1216 may be 
substantially cylindrical so that the opposite edges of the orifice form gripping edges that 
bind against the brace member, Altematively, the sides of the orifice may be shaped to 

15 bind against the brace member at locations between the opposite edges of the orifice. For 
example, Figs. 11-12 illustrate alternative orifice configurations adapted to present 
different gripping edges on the sides of the brace member. In Fig. 1 1, the sides of orifice 
1216 present generally conical surfaces having flat apexes 1218 facing inward toward the 
brace member. The width of the apexes may be varied to select the axial distance 

20 between gripping edges. As shown in Fig, 12, opposing sides of the orifice may have 
beveled regions 1220 extending in opposite directions to reduce the axial distance 
between gripping edges within the orifice. Similarly, as shown in Fig. 13, opposing sides 
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of the orifice may have offset regions 1222 extending in opposite directions to reduce the 
axial distance between gripping edges within the orifice. It will be appreciated that the 
orifice configuration typically is selected to achieve the quickest lock-up on the brace 
member, and may depend on the relative sizes, shapes and/or hardnesses of the brace 
5 member and clamping device. 

Exemplary locking assembly 1210 also includes a housing 1224 adapted to 
support the clamping device in a constant orientation relative to the brace member until 

J the activation signal is received. The housing may be pivotally coupled to chop saw 1181 
by one or more shoulder bolts 1230 adapted to engage mounting structures 1232 on the 

;^ housing. The housing includes one or more bushings 1234 or similar structures 
configured to receive and slide along the brace member. Bushings 1234 fit relatively 

1^'^ closely about the brace member to maintain housing 1224 in a constant orientation 
relative to the brace member as the brace member sUdes v^ithin the housing. 

Clamping device 1214 is mounted in a cavity 1236 formed within housing 1202 

15 and positioned so that orifice 1216 is axially aligned with the brace member when the 
brace member is received within the housing. Prior to actuation, one end 1237 of 
clamping device 1214 is positioned against a support base 1238 disposed within cavity 
1236. Support base 1238 includes a pair of guide structures 1239 adapted to fit on either 
side of end 1237 and generally align the clamping device within the housing. The 

20 clamping device is held in place against support base 1238 by a fusible member 70 
extending over an electrically-insulating stud 1240 mounted on end 1237 by a screw 
1242 or similar mechanism. Stud 1240 may be constructed of phenolic or some other 



electrically-insulating material, and serves to insulate clamping device 1214 from any 
electric charge present on the fusible member. Altematively, fusible member 70 may be 
positioned in direct contact with the clamping device. In any event, fusible member 70 is 
anchored at one end to a mounting post 1244^ and at the other end to a contact mount 72 
5 such as described above. Contact mount 72 is coupled to a firing subsystem 76 disposed 
on or netir housing 1224. As described above, the firing subsystem applies a sudden 
current surge to contact mount 72 in response to an activation signal, thereby melting 
■D fusible member 70 and releasing clamping device 1214. Upon release from fusible 
^l: member 70, end 1237 is urged upward by a suitable biasing mechanism such as a 
|@ compression spring 1246, Support base 1238 includes a hole 1248 adapted to receive the 
P spring and sized so that the spring is held in compression when clamping device 1214 is 
f'^ positioned against the support base. 

The other end 1249 of clamping device 1214 abuts against a shelf structure 1250 
defined by cavity 1236. The shelf structure is positioned relative to support base 1238 so 
15 that orifice 1216 is aligned to slide along the brace member when the clamping device is 
held against the support base. Once the clamping device is released, end 1237 is urged 
upward while end 1249 is held against shelf structure 1250. Thus, clamping device 1214 
pivots relative to the brace member until the edges of orifice 1216 bind against the brace 
member. Any additional upward force on the brace member relative to the clamping 
20 device tends to increase the locking grip of the clamping device on the brace member. 
Thus, further upward movement of the brace member relative to the housing is prevented. 
Optionally, a pin 1252 or similar structure may be positioned beneath end 1249 to ensure 
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the clamping device pivots in the opposite direction to return to an unlocked orientation 
when the brace member moves downward relative to the housing. 

In the exemplary embodiment, locking assembly 1210 also includes a bolt 1254 
threaded through housing 1224 above clamping device 1214. Bolt 1254 may be screwed 
5 into the housing to cock or push the clamping device into its unactuated position on 
support base 1238 against the bias of spring 1246. Optionally, the clamping device may 
include a depression 1256 adapted to receive the lower end of bolt 1254. This allows a 
user to automatically align the clamping device relative to the brace member using bolt 
1254. Once a new fusible link is installed, boh 1254 is screwed out to ensure the 

I© clamping device has sufficient clearance to pivot into binding engagement with the brace 
member. Altematively, a different mechanism may be used to cock the clamping device 

; , against the bias of spring 1246. 

It will be appreciated that exemplary locking assembly 1210 may be used with any 
of the embodiments described above. Additionally, many modifications and variations of 

15 locking assembly 1210 are possible. Several examples of altemative locking assemblies 
are described in U.S. Provisional Patent Application Serial No. 60/270,941, filed 
Februar>^ 22, 2001, and U.S. Provisional Patent AppHcation Serial No. 60/270,942, filed 
Februar)^ 22, 2001, the disclosures of which are herein incorporated by reference. 

Another altemative configuration of reaction subsystem 24 adapted for use on a 

20 pneumatic up-cut chop saw 1181 is illustrated in Fig. 14, in which brake mechanism 28 
takes the form of a hydraulic cylinder 1258, A lower portion 1260 of cylinder 1258 is 
pivotally coupled to the frame of chop saw 1 181 or some other suitable support structure. 



The hydraulic cylinder includes an extension rod 1262 slidably extending from the top of 
the cylinder. The upper end of the extension rod is pivotally coupled to extension arm 
1195. The lower end of extension rod 1262 is coupled to a piston 1264 housed to slide 
within cylinder 1258. As blade 40 is raised and lowered during normal operation of chop 
saw 1181, extension rod 1262 moves up and down, thereby pulling and pushing piston 
1264 up and down within cylinder 1258. 

Brake mechanism 28 also includes a hydraulic control circuit 1264 adapted to 
regulate the flow of hydraulic fluid within cyUnder 1258. Control circuit 1264 and 
cylinder 1258 form a closed hydraulic system. Under normal operating conditions, the 
hydraulic control circuit forms a fluid channel between the top and bottom of cylinder 
1258. Wtien the blade is pushed upward by pneumatic cylinder 1 183, extension rod 1262 
pulls piston 1264 upward. As a result, hydraulic fluid is pushed out of the top of cylinder 
1258, through the control circuit and into the bottom of the cylinder. Conversely, when 
the blade is pushed downward, extension rod 1262 pushes piston 1264 downward, 
thereby pushing hydraulic fluid from the bottom of the cylinder, through the control 
circuit to the top of the cylinder. 

As shown in Fig, 14, control circuit 1264 includes a two-way control valve 1266 
and a one-way check valve 1268. Control valve 1266 is operable by the control system 
(not shown) to open or close a bi-directional channel between the top and bottom of 
cylinder 1258, When a dangerous condition is detected, the control system is configured 
to close valve 1266, thereby closing the hydraulic channel from the top of the cylinder to 
the bottom of the cylinder is closed. As a result, piston 1264 is prevented from moving 
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further upward in the cylinder and the upward movement of the blade is stopped. 
Typically, the hydraulic fluid selected for use in cylinder 1264 is a relatively non- 
compressible fluid such as oil, etc., to minimize the distance piston 1264 moves upward 
after valve 1266 has closed. Check valve 1268 provides a continuous, uni-directional 
5 channel firom the bottom of cylinder 1258 to the top. Thus, piston 1264 is able to move 
downward in the cylinder even though control valve 1266 is closed. This allows 
retraction mechanism 1206 to pull the blade downward upon detection of a dangerous 

.5 condition. While one exemplary hydraulic control circuit has been shown and described, 
it will be appreciated by those of skill in the art that the control circuit may be configured 

;© in many different ways to achieve the desired operation. 

13 In the exemplary embodiments depicted in Figs. 5-14, reaction subsystem 24 

^1 includes a brake mechanism 28 that is separate fh)m the actuating mechanism that raises 
and lowers the blade. However, reaction subsystem 24 may alternatively be configured 
to stop the upward movement of the blade without the use of a separate brake 

15 mechanism. For example. Figs. 15 and 16 illustrate an exemplary embodiment in which 
actuating mechanism 1 1 83 also functions as the brake mechanism. As shown, exemplary 
actuating mechanism 1183 takes the form of a pneumatic or hydraulic cylinder. The 
actuating mechanism is configured to be controlled by control subsystem 26. Upon 
detection of a dangerous condition, the control subsystem causes the cylinder to retract, 

20 thereby stopping any upward motion of the blade and retracting the blade below the table 
1270 of the chop saw frame 1272. If the cylinder is already retracted when the dangerous 
condition is detected, the control subsystem prevents actuation of the cylinder. 
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In the exemplary embodiment, the detection subsystem (not shown) is configured 
to detect several dangerous conditions including, contact between the user and a defined 
portion 1185 of guard structure 1184, contact between the user and a defined portion 
1274 of table 1270, and contact between a user and blade 40, etc. Altematively, the 
5 detection subsystem may be configured to detect fewer or more dangerous conditions. In 
any event, if any of these dangerous conditions are detected, the control subsystem sends 
a signal to the reaction subsystem, i.e., cylinder 1 183, and stops any upward movement of 
;fl the blade by reversing the motion of cylinder 1183, and then retracts the cylinder to 
retract the blade below the top surface of table 1270, Preferably, cylinder 1183 is 
If configured to reverse and retract quickly relative to the speed with which the cylinder 
^ y moves the blade upward. This helps ensure that any injury to a user is minimal 
[j If cylinder 1183 is controlled by an electro-magnetic solenoid valve, it may be 

H desirable to use a relatively high voltage signal to actuate the valve so as to cause the 
valve to switch as quickly as possible. For example, a 180-volt DC pulse transmitted to a 
15 solenoid valve that nominally switches with a 24- volt DC pulse will typically cause the 
valve to switch at or near a maximum switching speed. The high voltage pulse may be 
supplied from a firing subsystem such as described above, including one or more charge 
storage devices such as capacitors, etc. Various suitable firing subsystems are described 
in the incorporated references. 
20 It should be noted that different chop saws have different actuating mechanisms, 

such as cams, eccentrics, etc., to raise and lower the blade and the above-described safety 
systems and variations thereof can be applied to such different mechanisms as well. The 
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reaction subsystems described above can also be used in connection with various other 
braking or blade retraction systems to obtain combined benefit. For instance, the blade 
may be braked at the same time as the upward movement of the blade is stopped and 
reversed to further minimize the chance of serious injury. 
5 Wliile several exemplary embodiments of machine 10 and safety system 18 have 

been described above, it will be appreciated by those of skill in the art that many 
variations and modifications are possible. Examples of just a few of the possible 
2 variations and modifications of the components safety system 18, which are suitable or 
il may be adapted for use with the machines described above, are described in the 
Vi) incorporated references. Additionally, the systems and components described herein may 
i n be adapted for use on a variety of other saws. Several examples of such other saws, as 
well as further detailed descriptions of safety systems, components, miter saws, radial 
arm saws and chop saws may be found in the following patent applications, the 
disclosures of which are incorporated herein by reference: U.S. Patent Application Serial 
15 No. 09/676,190, filed September 29, 2000; PCX Patent Application Serial 
No.PCT/USOO/26812, filed September 29, 2000; U.S. Provisional Patent Application 
Serial No. 60/157,340, filed October 1, 1999; U.S. Provisional Patent AppUcation Serial 
No. 60/225,057, filed August 14, 2000; U.S. Provisional Patent AppUcation Serial 
No. 60/225,058, filed August 14, 2000; U.S. Provisional Patent Application Serial 
20 No. 60/225,210, filed August 14, 2000; U.S. Provisional Patent Application Serial 
No. 60/273,177, filed March 2, 2001; U.S. Provisional Patent AppUcation Serial 
No. 60/273,178, filed March 2, 2001; U.S. Provisional Patent Application Serial 
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No. 60/273,902, filed March 6, 2001; U.S. Provisional Patent Application Serial 
No. 60/275,583, filed March 13, 2001; U.S. Provisional Patent AppUcation Serial 
No. 60/275,594, filed March 13, 2001; U.S. Provisional Patent Application Serial 
No. 60/275,595, filed March 13, 2001; U.S. Provisional Patent Application Serial 
5 No. 60/279,313, filed March 27, 2001; and U.S. Provisional Patent Application Serial 
No. 60/292,100, filed May 17, 2001. 

It is believed that the disclosure set forth above encompasses multiple distinct 
ji inventions with independent utility. While each of these inventions has been disclosed in 
in its preferred form, the specific embodiments thereof as disclosed and illustrated herein 
10 are not to be considered in a limiting sense as numerous variations are possible. The 
subject matter of the inventions includes all novel and non-obvious combinations and 
subcombinations of the various elements, features, functions and/or properties disclosed 
herein. No single feature, function, element or property of the disclosed embodiments is 
essential to all of the disclosed inventions. Similarly, where the claims recite "a" or "a 
15 first" element or the equivalent thereof, such claims should be understood to include 
incorporation of one or more such elements, neither requiring nor excluding two or more 
such elements. 

It is believed that the following claims particularly point out certain combinations 
and subcombinations that are directed to one of the disclosed inventions and are novel 
20 and non-obvious. Inventions embodied in other combinations and subcombinations of 
features, functions, elements and/or properties may be claimed through amendment of the 
present claims or presentation of new claims in this or a related application. Such 



amended or new claims, whether they are directed to a different invention or directed to 
the same invention, whether different, broader, narrower or equal in scope to the original 
claims, are also regarded as included within the subject matter of the inventions of the 
present disclosure. 
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